analyses, as well as in full multivariate models, basal levels of the 'upstream' pro-inflammatory cytokines interleukin-6 (IL-6), interleukin-18, and tumour necrosis factor-a (TNF-a) were all associated with future vascular events in an approximately loglinear manner, as were levels of matrix metalloproteinase-9. However, and also consistent with prior work in this arena, the magnitudes of these effects were smaller than that associated with the 'downstream' inflammatory biomarker, C-reactive protein. Furthermore, among those study participants in whom direct comparison could be performed, only two biomarkersdownstream C-reactive protein (hazard ratio 1.69 per 1 SD higher baseline level) and upstream TNF-a (hazard ratio 1.32 per 1 SD higher baseline level)-remained statistically significant predictors of future vascular risk when simultaneously adjusting for the full panel of cytokines and chemokines.
The core question raised in the present analysis, however, does not relate to which inflammatory biomarker is best suited for clinical practice. That issue was addressed in a prior comprehensive meta-analysis from the Emerging Risk Factors Collaboration, in which the incremental utility of C-reactive protein for predicting vascular risk was found to be fully comparable in magnitude to that of total and high-density lipoprotein cholesterol. 3 Rather, what the present data address is how epidemiological evidence can help us to understand potential causal pathways of inflammation better, and how those insights can be used in clinical trials to test the inflammatory hypothesis of atherothrombosis directly. The recognition that both 'upstream' and 'downstream' biomarkers of inflammation all associate with vascular risk supports the broader concept that targeting causal pathways of inflammation rather than any single biomarker is likely to be the most promising direction for drug development. Most prominent among these is the interleukin-1 (IL-1), TNF-a, IL-6 pathway, which, when activated, subsequently results in elevated levels of hepatic acute phase proteins, including C-reactive protein, fibrinogen, and plasminogen activator inhibitor type-1 ( Figure 1 ). As summarized in the current European Heart Journal report, 2 a wealth of epidemiological data consistently show that basal IL-6 levels predict future vascular events. Moreover, two recent Mendelian randomization studies demonstrate that genetic polymorphism in the IL-6 receptor signalling pathway concordantly associate with lifelong lower levels of C-reactive protein and fibrinogen, as well as proportional reductions in cardiovascular event rates, data that elegantly support a causal relationship between classical inflammatory activation and future plaque rupture. 4, 5 These upstream data for the IL-6 signalling pathway also provide a counterpoint to earlier Mendelian randomization studies of single downstream biomarkers, such as C-reactive protein and fibrinogen, that may be less likely to 'cause' atherosclerosis, even if they are superior biomarkers for daily clinical practice. Our group has been fortunate to launch two multinational clinical trials designed to test the inflammatory hypothesis of atherothrombosis directly using pathway approaches that, by design, significantly reduce the upstream pro-inflammatory cytokines IL-1, TNF-a, and IL-6, as well as downstream biomarkers, such as C-reactive protein.
One on-going trial, the Canakinumab Anti-inflammatory Thrombosis Outcomes Trial (CANTOS), is designed to address whether a human monoclonal antibody that specifically inhibits IL-1b can reduce recurrent vascular events. 6 Canakinumab is an approved drug for use in several rare heritable paediatric conditions associated with IL-1b over-expression. It is also an effective agent for systemic juvenile idiopathic arthritis, 7 and recent phase II trial data among diabetics show dose-dependent reductions in IL-6 and C-reactive protein of .50%. 8 A major mechanism of this effect is inhibition of the nod-like receptor pyrin domain 3 (NLRP-3) inflammasome, which is responsible for activation and local secretion of IL-1b following recognition of crystalline structures, most importantly cholesterol crystals that deposit within a growing atheroma. 9 What CANTOS fundamentally asks, therefore, is whether a systematic antiinflammatory shift in IL-1b activity (and the downstream pathways that follow) will safely result in fewer heart attacks, strokes, and cardiovascular deaths. In our second on-going multinational trial, the National Heart, Lung and Blood Institute-sponsored Cardiovascular Inflammation Reduction Trial (CIRT), we are randomly assigning post-myocardial infarction patients to methotrexate at a low dose currently used worldwide as a safe first-line treatment for rheumatoid arthritis (15-20 mg weekly). 10 Like canakinumab, low-dose methotrexate inhibits upstream cytokines (including TNF-a and IL-6) and concordant downstream production of hepatic acute-phase proteins. Methotrexate, a proven systemic anti-inflammatory with over 40 years of clinical use, has recently been shown in the cholesterol-fed rabbit model to slow atherosclerotic lesion progression and reduce intimal-medial thickening. 11 These pathway effects parallel nonrandomized observations that low-dose methotrexate may reduce vascular events by 20% among patients being treated for rheumatoid arthritis or psoriatic arthritis (two inflammatory conditions known to be associated with excess vascular risk). Thus, in parallel to CANTOS, what CIRT fundamentally asks is whether a generic broadspectrum anti-inflammatory agent might also reduce recurrent event rates. Together, CIRT and CANTOS provide two swings of the bat to test the inflammation reduction hypothesis. Methotrexate is not the only 'old' agent being repurposed as a potential anti-inflammatory drug with vascular implications (Figure 1) . Colchicine, an agent long used to treat gout and reduce disease invoked by uric acid crystals, is now understood also to suppress the crystal-recognizing NLRP-3 inflammasome and thus reduce levels of IL-1b. Provocative trial data provided by the Australian LoDoCo investigators in 2012 raise the possibility that this antiinflammatory agent might also have clinical efficacy in reducing cardiovascular event rates. 12 Likewise, the TINSAL-2D investigators have reported that the anti-inflammatory salsalate improves glycaemic control in diabetics and lowers circulating leucocyte, neutrophil, and lymphocyte counts. 13 These latter trial data are of interest given the common ground shared by insulin resistance and atherosclerosis, as well as evidence that diabetes is also an inflammatory disorder of the innate immune system. Canakinumab is not the only 'new' anti-inflammatory under investigation as a potential vasculoprotective drug (Figure 1) . Anakinra, an IL-1b receptor antagonist, has shown efficacy in diabetes and Editorial undergone one short-term trial of C-reactive protein reduction in patients with acute coronary ischaemia.
14 The IL-6 inhibitor tocilizumab and the TNF-a inhibitors adalimumab and infliximab, in wide use for rheumatoid arthritis, could also prove to have vascular benefits, although these monoclonal antibodies may adversely increase low-density lipoprotein cholesterol. 15 Major phaseIII trials of the lipoprotein-associated phospholipase A2 inhibitor darapladib are due to report in the next year (though a smaller trial of the secretory phospholipase A2 inhibitor varespladib was stopped due to futility).
Other approaches to inhibition of vascular inflammation include agents such as 5-lipoxygenase and 5-lipoxygenase-activating protein inhibitors that reduce leukotriene function, and chemokine antagonists to chemokine receptor type 2 and chemokine receptor type 5 that inhibit monocyte recruitment (although it is uncertain whether these will enter phase III study). Sirtuin-1, a metabolic regulator that impacts upon longevity and cell death, has antiinflammatory effects on endothelial cell activation. As such, sirtuin-1 activators could be protective in atherosclerosis. Finally, downstream C-reactive protein antagonists have been developed, which, if pursued, could provide a direct method to resolve controversy about whether C-reactive protein is more than a clinical biomarker indicative of higher risk patients. While anti-inflammatory therapies hold promise in cardiovascular disease, it is crucial to acknowledge that atherosclerosis is a chronic process, which could require long-term immunosupression, an approach that carries risk for infection and possibly oncogenesis. On-going pathway trials will need to demonstrate not only efficacy for reducing vascular events, but also acceptable safety profiles. For this reason, post-trial registries will be needed in the phase III development process to determine long-term safety with particular respect to opportunistic infections, the potential for reactivation of tuberculosis, and cancer. Work is also needed to determine whether narrow targeting of vascular inflammation is of greater relevance for atherothrombotic protection. As examples, whereas methotrexate is a broad anti-proliferative, anti-inflammatory agent, canakinumab has a narrower spectrum of effect, because it specifically targets IL-1b and leaves IL-a signalling intact (an effect that may reduce adverse events).In order to test the inflammatory hypothesis of atherothrombosis successfully, researchers will need carefully to target individuals who are at high risk for vascular events due to a persistent pro-inflammatory response (who thus have the greatest likelihood of benefiting from an anti-inflammatory approach), while avoiding enrolment of those without inflammation (to reduce drug exposure and unnecessary toxicity). It is for this reason that CIRT is enrolling only post-myocardial infarction patients who have diabetes or metabolic syndrome (two conditions associated with a systemic pro-inflammatory response) and why CANTOS is enrolling only post-myocardial infarction patients with persistent elevation of C-reactive protein despite statin therapy. Another promising approach for patient selection and event rate enrichment is the use of molecular imaging to define inflammatory lesions. In this regard, advances in dynamic contrast-enhanced magnetic resonance imaging as well as positron emission tomography technologies capable of addressing glucose uptake (FDG-PET) or coronary flow reserve have been promising. 16 Finally, researchers, regulators, and the clinical community will need to evaluate inflammation inhibition trials with an open mind, cognizant of the balance between benefits and risks; post-myocardial infarction patients with a persistent pro-inflammatory response represent a very high-risk group for lifethreatening events, in whom reasonable levels of drug-related toxicity can be accepted. The next decade will inform cardiologists as to whether treatments to prevent vascular disease should continue to focus solely on evermore aggressive low-density lipoprotein reduction, or whether there is additional room for therapies targeting the innate immune process that, along with hyperlipidaemia, drives atherogenesis. 17 Atherosclerosis is a systemic disease in need of systemic therapies. Moving forward, the cardiology community can no longer simply address the mechanical reversal of coronary stenosis. 
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